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[4»ttt»*<z>ttH] 

[!f#*l3 ] LfctMt S: 7 u - A IC»« L, 

[MM 5 ] A* b/fc**«#* 7 A tc»W U 
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«*t*ffl*U M^f7 r 7^- *MC*5*vCtt\ ^S^u 
Site* 9 x-<^ h/w<^> — *Sr«7cU * 

* flg*f * a « u m a -r % mm t * z> z t £ m m t -r 

[0 0 0 1 ] 
[0 0 0 2] 

u-h-cw^-r^^-^t brtt, mx.t£. m. sch 

roeder and B. A t a 1 ftt£ <fc 5" C o d 
^ e — excited linear predicti 
on:High quality speech at 

very low bit rates" (Pro 
c. ICASSP, pp. 9 3 7 - 9 4 0, 1 9 8 5 
¥) tlL^ OtflRl) ^ Klei j n^^lCj; 
^> w Improved speech quality 
and efficient vector qua 
ntizationin SELF" (Proc. IC 
ASSP, pp. 155-158, 1 9 8 8¥) til 
fclftX Ot«2) ^tCfE^^ti>rv^^CE L P (C_o d 
30 e _E x c i t e d L P C Cod i n g ) ~%^ti*$& 

^tixi^o :©^*cit ^r^ftdOii, *^fs#<o 

& (Willi 2 0ms) lC#F«#^e>»tilU ^6>tC^ 

w-Ai/hEliJf^7i/-A (Mitf5ms) lc»*J-r 

[0 0 0 3 ] C E L P^ttt, fP^)^^^ 
*—9k brfi L PC^SrK «t 9 ^fcLPC^7>- 

ftiuii, a«^*9*-?-fls* 5 «v^&*ur*59, io 

»;©LPCMS:filFW5^71/-^i f5 3 4 If y 
50 h (1. 7kb/s) SSOtf jx h»A5^S"C*>?>, tf 



3 

y b$tZ£ fefc{S«r*fc¥«* 5 ffi;Trs. LPC^ 
VgbmftlCttit'tZXmk tt, Mor i 
y aBzib\C2:Z>" Trans fo rm cod i n g 
of speech using a weighte 
d vector quantizer," bM b/tira 
3t (IEEE J. Sel. Areas, Commu 
n. , pp. 425-431, 1 9 8 8?) (:£f& 3 ) 

[0004] 

<D\f y Y Is- t>\C&m-tZ>ftlb[Cn, Ts^ZYAs 

y /w<7 > cottmc&mtev v YW*Ttf%i^$> 
C7^f!:f < t z>t. YAs^mmthmt* 

[0 0 0 5l*«BOBtttt, ±»U*:|fflJH^*:*M*: 
U Ww<?^— fc^fcv^sy hft 

[0 0 0 6 ] 

U £ tic? 9 t»^M©t^7v-Ai: 

AOX^ h/w^^ — ^Sr^#)«/&b7tS l<£>=* — K 

—j*<D7.'<$YA'^7*—$ i k, s st£y is—j^x-^^^ 
# YA"*7t— * <£>&^i£$&b, ifa^^yu—AX-vx 

b *m^X R+itTZ r b ZW&b'rZo 

[0007] « 2 ojs^off?^? ^ - fk*a 

^^^h^7^^0fi^lh »*©7U-A-C 
o>*^2 Yfr^y t—trv-Ei^ikmb, S2^3-K/ 

Sr«**^7u— A^fcfco*aru mi5*aflis:*^ 
tc-r « fitM * ift u u * -r * r t & wflt k -r * . 

[0 0 0 8] « 3 0*«©tF^ 9 > - ^ »f ft*S 

muv^yu— ^<e>4>&< £ & — :>Kov^ffifB* 
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&&*:tf##S^J£i:, — D<W7y\s—J*<D*-<? Y 
*— *£^£>tiJ$;brt:^l K^y ^Srjav* 

v^fc&j^Ca&Sfc&JxfcS-fistcj: 9 *^<9 hA"*9* 
* b mUUjt^b <o»*S:/h* <t8±5l-«2©a- 

10 [0009] jB4o*K©»F^9^-^flF#{r:*a: 

H*5VTtt* lSf/7V-^^^^^l/W^^-^ 
[0 0 10] JB5©«KO*^<?>-##*{fc*3fc 

b, ffiW9-7yi<— aco^^< fc ^-otcov^r^tsa 1 

/w<?^— *Sr^a*fifcb;fc#l = — K:/ y * SrfflV^ 

ya"*7*— #*m\<^x^>#>&#><bfrfzj3mc£ v 

*y<2 Yfr'^y *'&7tL>, f/71/-A^^ 

30 hJt"*9*—# tmKV7tab<o»&tti:tiLfk*77 

^ftbtll±f-r^#^k 5:«n:i:Mi:no 
[0011] 

Sr^-To iltt»lM«2©»flo^fflS:, B 3 tt* 

s<9 YA"*y*—$b ULS P^<7^— ^ £fflv^£i> 

[ooi 2 ] uyt*^-?;*: ^«>3e«) ^h^b#fs§ 

©7U-^ (ffijxli3 0-4 0ms) t£#fj b, S 
7 Ato^^ff ^i^— A J: D i>Mv^1g^:{®o^ 
Zfyu-J* («itf5-8ms) lC^fiJb> ^l^-^rt 
Od^*< i i>— oOlh^^lx — .MC^bT. fl&OLP 

W\ 7l/-A^5:40ms, f/7V^f?:8msi: 
b, i2iC/Ttt7 r 7l'-^ 0, (3), ©ICOV^L 
PC»«r*i3r.* 5 gofers. 
[0013] m$)\cm i o«woff i Bicov>r a i 

50 V^Kt^o 



(4) 
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[0 0 14] -mt LT. S®t/7V-ilCOPTL 

Tsfc&fcx^ — ^Sr^E^l O S^i^XSl-A 

't-PYA'tt (LSP) s*y*— ^SrfV^Tl^S:ff5o 
LSPOii#iftfctr3?ifcli> ^J^Kie* Quan 
tizerdesign in LSP speech 
analysis— synthesis, "iM UTt 

(IEEE J. S e 1 . Areas Co mm u 10 
n. , pp. 4 2 5- 4 3 1, 1 9 8 8^) C$tf&4) 

S/M20 (^1 co^— K^y 2) £/Bv^, A^i brt: 
Di=^{LSP (i> -LSP' j (i) } 2 

[0 0 16] ::tttLSP (i) ttA^U*: i&B<0 
LSP^S^to PltLSP©Mt$)^ 0 LSP* 

( i ) te=*— K^^^^^r-T^ j #B<o=* — K-<^ hA- 
•Cfe>9, j = 1 ~ 2B (B\±^—Y7y$<0}?yYm 

$ h^R^-itm 3 o tffi+i 5 5^tH*-r3o 

[0017] SRB^ b/^Ml 3 0^, ^ Wl" 

fi^Hfcfflu i o comfit— h^t, — 

D^I^jMLSP 1 ) -LSP* n -l (i) *Aj 



LSP^7>^Hn^ifftt5o Y*f y9 

1 2 Oi-tt\ H/-^^fl^fi©LSP/<7^^ 

ffL i n d e, Buzo, G r a yftlCtS 8 An a 
lgorithm for vector quant 
ization design" £JHLjfcfl*3t ( I E E 
E Trans. Commun. , pp. 84—95, 
1 9 8 0) (:StlR5) **r#Src**. = — K^* 

a*, r.r.-cttL s p<z>2*iE8t«:jm^3. lsp^)21 
SElRtt (1 ) ^-C^i&ft*. 

[001 5 ] 

[&l] 

( 1 ) 



(2) ^tcj:^, ttmWfts-H'** WMC<fc3fi^{fc 
IB 4: tWU *^itassr*/H^r K^<^ 

[0018] 
[*2] 

-(1-A,) LSP* n (i) > 2 



[0 0 19] (2) 5UC*SV^-C, LS Pi ( i ) «f 1 *0 
t^7U-AWA*^i^^LSP„ LSP' 
n - l (i), LSP'n ( i ) tt, ^rtlz-e^ 1 7 V — 
J*m3Z<0 L S P^S^HIifflU U — J*~C<D L S P<^4 

■f-ffcffi h^S^ikffll l ocotti^ffl) ^r^-To A 
jttUt K^y ^ 1 4 0^^*-r^ j 

LSP'n 1 ( i ) = 

L S P* n - 1 ( i ) ' Aj - 
Aj tt, b U^V^LS Pff#tC#LT, (4) 5K 

D=^^I [LSPn ( i ) -LSP' n-1 ( I ) 



( 2 ) 

h/l'TfeSo if^^ h/^fi^fb^l 3 Oil, 
(2) «:Sr*/Mbf S«IB«*=-K-<^ h/v**:^ 
u— a®, <2>, (2>^^-br*a6, (3) stu: <fc 9 *:7:7 

0 7^fbffi*-f-6 0 
[0 0 2 0 ] 



(1 -Aj ) 
[0 0 2 1 ] 
[**3] 



LSP* ( i) 



(3) 



1 Aj— ( 1 -Aj) LSP* B U ) ] 8 

< 4 ) 



[0022] ::tnii7v-m, kfthV— 

[0 0 23 ] »20J8WO^ICOV^THC< B 

1 !rfflV^T^t5o 

[0 0 24] h/i'ft-T-fMB l l 0 ft, = — Y'f y 9 



1 20 MlOa-K^^) SrfflV^ (1) 5t<Ofi^- 



50 



(5) 
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(2) R<J!>ft-T-fkaisr*/Mb-rs3— h^ta* 



[0 0 2 5] 
[*4] 



n te g ^ ?| f 1 (LSP 1 (1 ) -LSP' n -l ( i) • Aj- < l-Aj) LSP' nk ( 1 ) > 2 

(k=l— M) 



( 5 ) 



[0026] rr-C, LSP 1 nk (i) ftfS 1 <Dn — 
K^j/^&atRSftfcikSB (k=l—M) $>ft*f"C 

[0 0 2 7 ] fttcjB3 co««o^lcov^rH3 SrfflV^ 
[0 0 2 8] mi S.ffi<^:?^~^ 

*^ Ww<^;*— *Srtt5cU **^>^u— J*cd*s< 
LSP' 1 ( i ) = 

al'LSP'n-l (i) 

lsp' 1 (i) ttm.mffimtcz'ofeTti'fzm 
[0031] mm^t h/^A^tmi 3 5 ft. 4fn«ft 

D^^jlCLSP'nd) -LSP' 1 (i)LSP' 



[0 0 3 3 ] ttt (8) tZ\C£ *),^7y V — A©, 

LSP' ' 1 (i) = LSP' 1 
— A j ) LSP* n ( i ) 

[0 0 3 5]^ hA^A^itm 1 Ott, a—Y-fyj 
12 0 (flOn-K/^) SrffiV^T (1 ) 5£<£>fi^ 

{t;g!0/h*v^jaic18»aiB (MSJH) <^^ — Y^t 

D^ ^L^J <LSP^ ( i ) -LSP' ' 1 
[0037] ::r, lsp' ' 1 k (i) itMi <o=* 

— K:/y k#g (k = 1 — M) ^>SM 

[0 0 3 8] Si ^<bS4^i^ffico?ijm £T 



70 ? h>u/<^^— #im»<0«5cfiI<O|S*S:yhS<1-SJ: 
5IC*2©3-Kyy* ^a^-T * r. £ & « o 
[0 0 2 9 ] 03 tCioV^T, fttRlffil 1 17W 

tzTZo rr-ctt, -Wttr, (6) sttc j; 9 sdr* 

[0 0 3 0 ] 

+ (1 - a 1 ) L S P' n ( i ) (6 ) 

[0 0 3 2 ] 
[»5] 

n-I (I) • A j- (l-Aj) LSP' n (i)3 2 
30 ( 7 > 

[0 0 3 4] 

(i) + LSP' n -i (i) • Aj + ( 1 

(8) 

1 4 5 ffi20^K^^) Sr^^T, (7) i£<D& 

[0 0 3 6 ] 
[»6] 

k(i) > 2 (k=l-M) ( 9 ) 

K^y *Sr*ritl/Ct>av\, 
J0 [0 0 3 9 ] *BB«» = - K*V*©*S. 



(6) 



ftm¥-5- 6 1 9 9 



[0 0 4 0] ^ b^ft-T-ftW-Ctt, j£)£o<£>-<^ 

[0 0 4 1 J »5©«5B^ffl^ov^i4 *J8v^-CR 

[0 04 2] ^^b^f^Ml 8 0-Cfj:, =a— 
^120 MlOa-K^;/^) Sr^V>T ( 1 ) 5£<Ofi 



10 



10 



r*H*a3asrfTV\ (6) *u:«6i\ <D, ©* ©■?-:/ ? 

^SU (10) ^^S^$:ff?t5o 
[0 0 4 3 ] 
[*7] 



D^^^HLSP 1 (i) -LSP' » K <1> > 2 (k«l-M) (10) 



[0 0 4 4] ¥U5£« 165 "Cit. (10) SSrft/Mfcf 

[004.5] Jitsm^tciov^r, f^ftf ft«-c 

[0 0 4 6 ] 

So 

[0 0 4 7 ] 051C*5WC. A*«-?-4 0 0 J^fcflWt 
#SrA*U 17V— A» fflttf4 0ms) Ofl'FfS 
#S:>'*!y:7r 4 l olc*&#3-r£o 

[0 0 4 8] f-^^U — A»S'IIsIK4 2 Ott, 7 
s) fc£W1-a. 

[0 0 4 9] L P C ^'StJhISS 4 3 0 li, ^*<ifc — O 

ot^7u-AM (WittB2©0, ©, ©^ S>£>£ 
vm±<D* ©> ©, ®, Ofcsv^fi®, ©&>£v^ri©, © 

[0 0 5 0] L S Pft-T-ffclsIK4 4 Ott* -0©f^7 

<t¥ y bf&Tfi^fcU »fc;f?#lk *til*« J 7 L 4 5 0 

[0 0 5 1 ] **HC* m 1 OJSWfciStf-* L S Pfi^fb 
Big 4 4 0 <0«;£Srg 6 SrfflV^T 
[0 0 5 2] B6fclibM^t\ A*8f 5 00A^f^7 

u-^LSp/^^-^^AWSo ssa>. 



[0 0 5 3 ] ^^h/Vfi^[H]|S5 10li, = — K:/s> 
^ 5 2 0?riV^, A* L,ftL S #*M$n<0 

V^f46flLTi^t^, ^ h^fi^0l^5 1 0 
20 tt, (1) %f/Htt5n-K^^ b;v$rir^^ h 
/Hi^M 5 3 0 £#£^5 5 5^mt)T2>o 
[0 0 5 4] Mm^t b^a^HISEIKS 3 0 b 

5 4 5H«tSl7 V— Aift*©;*^^ b/W^;*—^ <£> 

i^Hfcflti: 1f M««fr = - K^y ^ 5 4 o ft 

fkv^-t^s/^r^y 5 o 6 ic^^^^^f-^^ 7 v— 
A©, ©, ©OL S P*?U4:*fiH LrmTC-rSo o£ 
(2) sSKJ:*, = — K^^ b^WCfc 5 

30 K-<^ bA-Aj tt^7U- A&ICSSRUT (3) sue 
J:USP^7^-^5r«7cU /^7r^U535 

[0 0 5 5] *IIW«* = — K/^54 OOilM 
tt, Fi/^y^ L S P{f#tC#bT, (4) RSr* 

[0 0 5 6] m 2©38WlC45frtS L S Pfi^Hfctnl 

8§4 4 0^i^|7!:fflv^UiSno H7Kl*5V^T 

[0 0 5 7] 07 . YAsttikmfe 600 

II, 3-K^^ 5 2 0 {%\<D^—Yzf y SrJBv^ 

r (D a<oft-r-ikaio/h*v^«^a*ais (wimm) 

^=2— K^AbiliiAU R«»*IhII»6 l 0-4&#J 

6 10*^#gi?:AAU ^ ^>tC5i^EEl^5 4 5t>-£> 
l ^ix— Aig^^L S P<Ds<2 b^fi^ftlfil^rA* b, 
/^7r^y 5 0 6 ^C»jW**t^*f-^7 ^AOL 
S PSr^ra-<^ h/ufl^tt^ 0 Mra^<^ hAs&+<t\C 

50 tt*B«fS = — K^j/^ 5 4 0 (I2^ = -K^^) 
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SrJBVM:* (2) *o*^ffcil*«/Mfcr*=~K'** 

h;u*m*i'tz>o 6 2 ox-it, &mmc 

*tLT, (5) *:oga££§f35i- £ 0 (5) *ic*sv^ 
XL=3 b-tz* miR®»e 2 gSM^^/Mfe: 

b^Oia-g*-fr4r^v^r-<^ h >Hc-T-{k * ftfc L S P 

zmit \^s<yyr**v 53 5 icn*** L,tt& \c m-=F 5 

[0 0 5 8 ] »3 <0«BB^*5ft6 L S PSr^fbS 

net ^-<o#-§-£tt L,itm&mmitm e t 

[0 0 5 9 ] H8tC*5V^"C, ^Pfl[H]S&6 3 0 It, ilffilS 
SS 5 4 5 Offi^fig (iE^<£>:7 J*<Z> L S P 

ft^Htffl) fc, ^ wva-WfcSKs i o<ofctj*>ffi (31 
*nfeftTv^5d5r r-ctt— &ik (6) ^^£31: 

[0 0 6 0 ] ffim^t hAsttltMG 3 5H\ «BB«» 

(7) ^OKS«***/Mfc-r* <fc 5*c* t^u-A 
gfc:3— bA'SriBK'f"*. f LT (8) 

/^77^y 5 3 5 LTt ^K, 5 5 535>f> 

[0 0 6 1 ] gj^lH]SS5 4 5 12, S4f/7l/^^)L 

s p^s^^dt^ i ? v~j*mm£itz> 0 

[0 0 6 2] «4©«ilC*J»t5LS Pi^HIS® 

[0 0 6 3 ] H9ti*5V^X, h/t-fi^HLlHJS&e 0 0 

ft, =-K/^ 5 2 0 (|gl <z>=2— Y-fyt) £>Ev> 

T (1) «0*^-fbffi©/h*V^«lCttftaffl (Mil) 
^>=2— K^<^ b/^fctti^U «S*i»jttlH]i66 l 0 

I3»6 3 0tC*5WC*tlHU *tlB^ h^firiP 

it®»6 3 SlCioV ^t, IH«3-K/j/^64 5 

(S2^-k/^) *J8v^t\ (7) R^s^HbH 

g§6 2 0"CH\ Ma«©«*<Z>**IC#U"C, (9) * 

6 2 5tt, RaSgSrS/Mk-rSfSlOs— K^y^i:* 

O^iOLSP Sr^TC Lt^ ^7r^y 5 3 5 
t«M^5 5 5*^tb*tSo 5§$£[n]S§5 4 5tt, 
S4t^7^Atflff^^ LSP^l 7 U — J*m 
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[0 0 6 4] mmmm=—Y~7y*tt&&m<o**7 

v\ «*©i:ttt:* ft**:/?!'— A£S:Si:»fc^ h 

3— K:/* ^flpfiJMStt; C. Tsaoft^i: 

Matrix quantizer desig 
i0 n for LPC speech usingthe 
generalized Lloyd algori 
t hm> " tll«3t (IEEE Trans. AS 
SP, pp. 537-545, 1 9 8 5?) G£HR 6 ) 

[oo6 5] wmfffta-K^-y^o**, mm 

[0 0 6 6 ] £7t, ^ h/vSt^teSS-Cfl, J§)&3<0-^ 
20 [0 0 6 7 ] » 5 ©*W^*5tt5 L S VttttM 

s§4 4 o^*js^ii i o zm^^rmM-tZa suotc** 

[0 0 6 8] §10 tCioV^T, hArA^itm&e o 
0H, 3-K^^ 5 2 0 ffll©3-F^?'^) 

v^r (D ^ft^b^^h*v^j«ica»aiH (Ma 

o = — h^*W*U 1^1f*&^(HiSS6 1 0 [C 

tem~rz> 0 mm\B)&6 3 on, *#a3B^**©=— k 
^^b^tc^bT, ffir^^^^rtTV^, (6) ^:^c^^v^, 
w 0. ®f^7^^oLSP!:i7ct5o 

iWlfil^^^S^%t^5i\ -Witt, it 

tc^^tp^SU, (i o) *:<£>jg;®^£:§fg1-£o 

Til L = 3 tr^c »K(=IS§6 2 5 II. (10) ^S:^ 
/Mti-S=a— K^<^ h/^ftSSraiRU LSPH^7 
Afilc«7C tt/< -/^r^^y 53 5 b/t^ 

tc«^5 5 5 xvmjj'rzo mm®&5 4 sit i4t 

[0 0 6 9] S^ic, j£Ji±oR^tcov^rM^-r So 

[0 0 7 0] YAstt\YM1&n, mftHO^t Y 

[0 0 7 1 ] S^[m^6 3 0tt, M^fisxnii^^fe 
«r«-»U *affiS:*/MCi-*aiBItt«Xtt:aB*«feSr 

50 tf 5^ h»as*T*wro-r*. 
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{0 0 7 2] mm^6 3 0»C*5#5«rMtt\ \K 

[0 0 7 3 ] l s p<o^ f^s-r-ftjtt/Raai 

[0 0 7 4] ^ bA'fi-T-ffclsIiKi: Ltlt, £S 

5Rffi^£ b/t'ft^tlsIKiJHV^fc.j&s =i— K^b/^ 

Xft Wittf R". G r a y £ctC<fc £ w Vectorqu 
antization, " tlt/tW (IEEE A 
SSP Magazine, pp. 4- 2 9, 1 9 8 4 

[0 0 7 5] 4 rXO^-fV U-^lCoV^tA^t 

**LPCj»WbTLSP««*tf*b3fca^ SSI¥fi& 

KfB2 2>©fca>, Xfi(D£©^ ;3Ui©t©Xte, ©£ 
©) \cftl,x<o&L s P*W-»U |ot^7^t 
i*r;ft,£>£> L S P^fciflB LX L SPS:^5«J; 5t£ LX 

SPittJtU 100f^7l/-A'CLSPS:fifft 

U I^)f /7 V — j^<OL S PfiffiPflXftm 2^>=3— K 

[0 0 7 6 ] 

jsro*^ b/M#tt£^-f b/w<^-^£fi;^- 
{b-T^t^lc, 7i/-^i:Winfiv^^7U-A 
tc£WU *l>*< t i> l o^)t^7^ A-c*^ Yfr 

U te<B*:/:7 V— A©*^ b/W<^> — Hi IS 

sK &£iM*Mffl^g£m2©^-K:/^£^T^ 

MB*aa, a>*v^jS2©=i — k^**, a>4v^j±*n 

ttSi:K2<03— y^SrMv^r^^^ b/w<7^ — 
or, if y hi"—x$:{&n-rz>fZib\C7 A^Srif*: 
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[H2i 7v- ^tt^7 *<dh«**"I*b. 
^<Dftm*WLm-tz>ft#><D7* ytm« 

[B5181, 2, 3, 4RZt5<D&W<D^jZy*7* — 

i0 [B6] * l ©«Wtc*5»t« LPCft^fblHlli6o«fi8Sr 

[H7l m 2©3891fc*5#£ L PCfi^b(H]£§o«^5r 
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